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ABSTRACT: 

There is provided a method of digital Automatic Gain Control (AGC) in a receiver having limited 
dynamic range, particularly for discontinuous signals. The method is characterized by detecting 
the level of a received and AGC'd discontinuous signal, comparing the level of the AGC'd signal 
relative to the dynamic range of the receiver, and adjusting the AGC to establish a desired 
relationship between the AGC'd signal and the dynamic range limitation. There is also provided a 
method of handoff in a TDMA cellular-type transmission system utilizing this method of 
AGControl. The method for Automatic Gain Control (AGC) of discontinuous signals in a receiver 
having limited dynamic range is further characterized by: digitizing (A/D) a received and AGC'd 
discontinuous signal and converting the digitized samples to a power sample to sense the power 
of and detect the level of the signal, comparing the level of the AGC'd signal relative to the 
dynamic range of the receiver; and coarsely-adjusting by either progressively attenuating the 
signal until it falls within the dynamic range of the receiver or by progressively gain-amplifying the 
signal until it falls within the limited dynamic range of the receiver and finely-adjusting the AGC of 
the received signal until optimum use of the full (albeit limited) dynamic range of the signal 
processing stages is about 6-12 dB below maximum to establish a desired relationship between 
the AGC'd signal and the dynamic range limitation. 
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© Digital automatic gain control. 



© There is provided a method of digital Automatic 
Gain Control (AQC) in a receiver having limited dy- 
namic range, particularly for discontinuous signals. 
The method is characterized by detecting the level 
of a received and AGC'd discontinuous signal, com- 
paring the level of the AGC'd signal relative to the 
^ dynamic range of the receiver, and adjusting the 
2f AGC to establish a desired relationship between the 
AGC'd signal and the dynamic range limitation. 
© There is also provided a method of handoff in a 
® TDMA cellular-type transmission system utilizing this 
1 method of AGControl. 

The method for Automatic Gain Control (AGC) of 
{^discontinuous signals in a receiver having limited 
dynamic range, is further characterized by: digitizing 
®(A/D) a received and AGC'd discontinuous signal 
CLand converting the digitized samples to a power 
sample to sense the power of and detect the level of 
the signal, comparing the level of the AGC'd signal 
relative to the dynamic range of the receiver; and 



coarsely-adjusting by either progressively attenuat- 
ing the signal until it falls within the dynamic range 
of the receiver or by progressively gain-amplifying 
the signal until it falls within the limited dynamic 
range of the receiver and finely-adjusting the AGC of 
the received signal until optimum use of the full 
(albeit limited) dynamic range of the signal process- 
ing stages is about 6-12 dB below maximum to 
establish a desired relationship between the AGC'd 
signal and the dynamic range limitation. 
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DIGITAL AUTOMATIC GAIN CONTROL 



The Field of Invention 

This invention is concerned vWth digital auto- 
matte gam control. More particularly, this invent 
■ concerned with Automatic Gain Contro (AQcTfo? 



th J h lhir nti0n teteS as te ob ^ { to "worn. 



Summary of the Invention 



Background of the Invention 

trot SJJSff 1 th !,. conce P t of Automatic Gain Cor, 
frol (AQC) in radio signal reception is well under- 
stood, automatic gain control of Time Division mu 
jplexed Multiple Access (TDMA, signateZS 
new challenges to the land-mobite InSZ 

In w.deband TDMA systems, such as'the eel- 
to system proposed for use in European RF 

22?n-" 8hared ^^or,mu,pC) 
among numerous subscribers attempting to Z 
totedio system in certain ones of JtofcJ 
d.v,s,on-multiplexed time slots. The time dote « 
mm* into periodically repeating frames Zs a 
^ communication of interest may ££££ 

nais transmitted in other time slots. The unrei^ 
signals (of widely varying strenglh ™ Z?m" 

Sd^T n °' *• * intake t A 

5T21?!fy *" 18 t0 provide Automatic 
^PMAsS. 0 ' ^ P " MB ^ diSC °"^ 
The challenge is further enhanced by attemot- 
mg to provide digital AGC In inexpensive rZZl 
- those having limited dynamic range. Sincere 
s-gnate may vary by as much as lOOdB in Z and! 
mobile environment, but modest 8-bit An^to 

must be developed for controlling the gain of th<» 

owe SSL 71 " cha,,ense then 18 to 

i«WB d.scont.nuous signal with a 48dB device- 
oflww.se. prohibitively expensive A/Ds with 
dynamic range must be utilized 

bv £^5 ? a ' lefl9e for 9ain contro ' is introduced 
sLll « ^ 01 81659 TDM A transmit 
systems. Gaussian Minimum Shift Keying (GMSIO 

^ ° f 1,18 rewived 8, '9 nal more 
dftficult to measure, and neither of the quadrature 

stTpor* 0 "^^ 



ra invel^m 09 " Mh 009 emt »<«ment of the 

Z££ ? pm, * , » d 8 mettlod * digital 
Automate Gain Control (AGC, in a receiver having 
hmlted dynamic range, particularly for discontinu- 
ous s, 9nals . The method comprises J££Z 

rs S.*"' ^ " d AGC ' d discontinuSgnaf 

to dyramlc range of „ receiver, and adjusting 
to AGC to establish a desired relationship be- 
*m the AGC'd signal and the dyn*n c fanoj 

utt£ a JTL^ 

utilizing this method of AGC control. 

The method for Automatic Gain Control (AGC) 
of discontinuous signals in a receiver JEffif 

dynamo range is further characterized by dS- 
26 "» 8 Reived and AGCd discontinuous signed 

rZTL** di9ifeed samptes to a p ^to 

to sense the power of and detect the level of the 
agnal, comparing the level of the AGC'd InL/ 
m relative to the dynamic range of the reviver Td 

EST*?** bV 8ith8r P^essive.nC 
'ng the signal until it falls within the dynamic range 
of the receiver or by progressively JZS 

range of the receiver and finely-adjusting the AGC 

™ d V«mlc range of the signal pro- 
cessing stages is about 6-12 dB below flVma* 

rAGc,^r a „ a d rr Jfts. 

we agc d signal and the dynamic range limitation. 
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Brief Description of the Drawings 
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Additional objects, features, and advantages of 
S^°" W, '' bemore ^lyundeS^ 

^Ijy'™* m *» ^ated (by way 
of unrestricted example, from the following detailed 
» description, taken together with the ^mrJT 
drawings in which: accompanying 

inventi^ 1 ' 88 ^^ 

Rgure 2 is a functional block diagram of the 
preferred embodiment of the invention. 
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Figure 3 is a diagram of the AGC control 
process according to the invention. 

Figure 4 is a simplified diagram of an al- 
ternate embodiment of the invention. 



Detailed Description 



Figure 1 is a simplified block diagram of the 
Invention; it illustrates gain control in a digital 
quadrature receiver. It illustrates, in series, an RF 
receiver section (IF), a quadrature demodulator 
(l/Q) having In-phase and Quadrature phases, 
Analog-to-Digitai converters (A/D), a Digital Signal 
Processor (DSP), and a Digital-to-Analog converter 
(D/A) providing Automatic Gain Control (AGC) to 
the receiver section (RF/IF). 

In operation, the signal Is received, converted 
to an intermediate frequency and gain amplified in 
the receiver section (RF/IF); quadrature demodu- 
lated (l/Q) into In-phase and Quadrature compo- 
nents; digitized in Analog-to-Digital converters of 
limited dynamic range (A/D); and converted to a 
power sample in the Digital Signal Processors 
(DSP) to detect the level of the signal. In the Digital 
Signal Processors (DSP), the signal level is com- 
pared relative to the dynamic range of the receiver, 
and the AGC is adjusted in the Digltal-to-Analog 
converter (D/A) to establish a desired relationship 
between the AGCd signal and the dynamic range 
limitation of the receiver. 

More concretely, the power level of the AGC'd 
signal is compared relative to a desired power level 
in the stage having the dynamic range limitation. 

Figure 2 is a functional block diagram of the 
preferred embodiment of the invention. Figure 2 
illustrates, in line, an RF receiver section (RF/IF); a 
quadrature demodulator (l/Q) having In-phase (I) 
and Quadrature (Q) phase, mixers whose outputs 
are Low Pass Filtered (LPF); and, under Direct 
Memory Access control (DMA), 8-bit Analog-to- 
Digital converters (A/D), tri-state gates, Random 
Access Memories (RAM), and a 56001 Digital Sig- 
nal Processor (56001 DSP); and a latching Digital- 
to-Analog converter (D/A) providing Automatic Gain 
Control (AGC) to the receiver section (RF/IF). This 
GMSK receiver is comprised of a conventional RF 
stage, mixing and filtering that feeds a 10.7 MHz IF 
signal to a conventional AGC-type IF amplifier (IF), 
such as a Motorola MC1350. The IF amplifier feeds 
a conventional l/Q demodulator comprised of a 
10.7 MHz iocal oscillator, a 90 degree phase shift- 
er, a pair of mixers and a pair of low pass filters 
(LPF). The 8-bit flash A/Ds, such as RCA 
CASSISCE's, provide 48dB of dynamic range and 
are, in large part, responsible for the dynamic 
range limitation of the receiver. A Motorola 56001 



Digital Signal Processor (56001 DSP) is used for 
signal acquisition, signal level detection, and AGC 
control. The 56001 DSP is supported by conven- 
tional clock and timing circuitry (not shown) and 
s ROMs for programmed control (not shown). An 
Analog Devices 7528LN is suitable as the latching 
Digital-to-Analog converter (D/A) that provides 
Automatic Gain Control (AGC) to the receiver sec- 
tion (IF). 

to The receiver operates in a TDMA system hav- 
ing 8 time slots in each 4.8 millisecond frame; 135 
kilobits/second are transmitted in each quadrature 
phase. In operation, for each time slot a retained 
previous AGC setting is fetched (DMA) from mem- 
75 ory (RAM) through the Digital Signal Processor 
(560O1 DSP) and applied to the Digital-to-Analog 
converter (D/A), providing Automatic Gain Control 
(AGC) to the receiver section (RF/IF). The received 
signal, after being gain-controlled and quadrature- 
20 demodulated is digitized by the Analog-to-Digital 
converters (A/D) to provide multiple pairs of sam- 
ples per bit interval, which are stored in memory 
(RAM) under Direct Memory Access control (DMA) 
of the tri-state gates. The samples are retrieved 
25 from memory (RAM) and converted in the 56001 
DSP to a power sample by summing N pairs (32 to 
128 pars in the preferred embodiment) to obtain a 
Q value and an I value, and taking the square root 
of the sum of the squares of the Q and I values. 
30 The square root is proportional to the average 
power of the received signal (an instantaneous 
power sample from a single pair cannot be reliably 
obtained due to the variability in the received signal 
strength). A preferred alternative measure for the 
35 power sample may be obtained by simply sum- 
ming the squares of the Q and I values. 

Again, more concretely, the power level of the 
AGC'd signal is compared relative to a desired 
power level in the stage having the dynamic range 
40 limitation. Thus, to prevent short-term saturation of 
the 8-bit Analog-to-Digital converters (A/D), the 
AGC wants to establish and maintain the level of 
the AGC'd signal at a nominal level of about 6- 
12dB (9dB in the preferred embodiment) below the 
45 maximum output of the A/D. 

Figure 3 is a diagram of the AGC control 
process according to the Invention. 

The basic control process is to: 
detect the level of a received and AGC'd dis- 
50 continuous signal, 

compare the level of the AGC'd signal relative to 
the dynamic range of the receiver, and 
adjust the AGC to establish a desired relationship 
between the AGC'd signal and the dynamic range 
65 limitation. 

The average power, as measured above, is 
then subtracted from a power level representative 
of the desired nominal level (or 9dB, hereinafter 
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given as Odb reference) to calculate the power 
error. This calculated power error Is further factored 
by an adjustment that compensates for the overall 
loop gain characteristics, resulting In an AGC Error 
(AGCE). If the AQC Error (AGCE) is within the 
margin below full output (9dB), then the prevailing 
AGO setting (Filtered AGC Number - FAGCN) is 
finely-adjusted by the amount of the Error (AGCE). 
If the Error is greater than the margin (9dB) but 
inside the dynamic range of the A/D (48dB - 9dB 
= 39dB), then adjust by the amount of the Error 
(AGCE) plus slightly more than the margin (9dB + 
idB = lOdB). If the Error falls below the dynamic 
range of the A/0, then coarsely-adjust by the 
amount of the dynamic range (48dB); if the Error is 
above the dynamic range, then adjust by slightly 
more than the margin (9dB + 1dB = 10dB). 
Finally, the current Error calculation and the pre- 
vious gain setting (FAGCN) become the inputs to a 
digitally recursive infinite impulse response low 
pass filter (which is well understood by those or- 
dinarily skilled in the art) to derive a new Rltered 
AGC Number (FAGCN). Thus, the signal is pro- 
gressively gain-amplified (or gain-attenuated) until 
the signal falls within the dynamic range of the 
A/Ds and is further amplified (or attenuated) until 
optimum use (with appropriate margin) of the full 
(albeit limited) dynamic range of the A/Ds is ob- 
tained. The result of these various approximations 
for a plurality of TDM time slots may then be 
retained in memory (RAM) for resuming AGC con- 
trol when the respective signals are expected to 
resume. 

Furthermore, as these various gain calculation 
results are representative of the actually received 
signal strength (with appropriate compensation for 
overall loop gain characteristics), these gain deter- 
minations can be reported to the transmitting sta- 
tion for purposes of establishing transmission gam 
levels that optimally utilize the dynamic range of 
the receiver, thereby Increasing spectral efficiency 
and frequency reuse in the system - particularly 
cellular systems. Moreover, in a cellular-type sys- 
tem, the signal strength (gain determination) may 
be reported to the transmitting station by the re- 
ceiver and hand off the transmission when the AGC 
adjustment crosses a certain threshold. Also, the 
signal strength (AGC level) of an adjacent ceil (time 
slot) can be determined and evaluated to facilitate 
hand-off. 

Figure 4 is a simplified diagram of an alternate 
embodiment of the invention. It Illustrates an analog 
implementation of Automatic Gain Control that uti- 
lizes a power averaging circuit and comparator to 
implement the control process of Figure 3, de- 
scribed above. The power averaging circuit is well 
known by those ordinarily skilled in the relevant art 
and can readily be adapted to conform to the 



control process described above. 

In summary then, there has been provided a 
method of digital Automatic Gain Control (AGC) in 
a receiver having limited dynamic range, particu- 

s lariy for discontinuous signals. The method com- 
prises detecting the level of a received and AGC'd 
discontinuous signal, comparing the level of the 
AGC'd signal relative to the dynamic range of the 
receiver, and adjusting the AGC to establish a 

10 desired relationship between the AGC'd signal and 
the dynamic range limitation. There has also been 
provided a method of handoff in a TDMA cellular- 
type transmission systBm utilizing this method of 
AGC control. 

is The method for Automatic Gain Control (AGC) 
of discontinuous signals In a receiver having limited 
dynamic range has further been characterized by: 
digitizing a received and AGC'd discontinuous sig- 
nal and converting the digitized samples to a power 
20 sample to sense the power of and detect the level 
of the signal, comparing the level of the AGC'd 
signal relative to the dynamic range of the receiver; 
and coarsely-adjusting by either progressively at- 
tenuating the signal until it falls within the dynamic 
25 range of the receiver or by progressively gain- 
amplifying the signal until it falls within the limited 
dynamic range of the receiver and finely-adjusting 
the AGC of the received signal until optimum use 
of the full (albeit limited) dynamic range of the 
30 signal processing stages is about 6-12 dB below 
maximum sensitivity to establish a desired relation- 
ship between the AGC'd signal and the dynamic 
range limitation. 

White the preferred embodiment of the inven- 
36 tion has been described and shown, H will be 
appreciated by those skilled in the art that other 
variations and modifications of this invention may 
be implemented. For example, this invention need 
not be limited to TDMA land-mobile systems, but is 
40 adaptable to AGC of digital and analog signals, 
including AM, FM or TV signals. 

This discussion presupposed that the A/Ds pro- 
vide the most severe constraint on the dynamic 
range of the receiver; however, this invention is 
45 equally applicable without regard to the particular 
stage providing the most severe constraint on the 
dynamic range of the receiver. Accordingly, all 
discussion has been framed in terms of the limited 
dynamic range of the receiver, 
so These and all other variations and adaptations 
are expected to fall within the ambit of the appen- 
ded claims. 

65 Claims 

1. A method of Automatic Gain Control (AGC) 
for discontinuous signals in a receiver having limit- 
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ed dynamic range characterized by: 
detecting the level of a received and AGC'd dis- 
continuous signal (Fig. 4: AVG PWR), 
comparing (Fig. 4: REF) the level of the AGC'd 
signal relative to the dynamic range of the receiver, 
and 

adjusting the AGO (Fig. 3) to establish a desired 
relationship between the AGC'd signal and the dy- 
namic range limitation. 

2. A method as claimed in Claim 1 above, 
wherein adjustment is characterized by: coarsely- 
adjusting the AGC of the received signal until the 
signal is present within the limited dynamic range 
(Fig. 3). 

3. A method as claimed in Claim 2 above, 
wherein coarse-adjustment is characterized by: 
progressively attenuating the signal until it falls 
within the dynamic range of the receiver (Fig. 3). 

4. A method as claimed in Claim 2 above, 
wherein coarse-adjustment is characterized by: 
progressively gain-amplifying the signal until it falls 
within the dynamic range of the receiver (Fig. 3). 

5. A method as claimed in Claim 2 above, 
wherein adjustment is characterized by finely-ad- 
justing the AGC of the received signal until opti- 
mum use (with appropriate margin) of the full 
(albeit limited) dynamic range of the receiver Is 
obtained (Fig. 3). 

6. A method as claimed In Claim 5 above, 
wherein the appropriate margin is about 6-12 dB 
below the maximum capability of the receiver. 

7. A method as claimed in Claim 1 above, 
wherein signal strength (gain determination) is re- 
ported to the transmitting station by the receiver for 
establishing transmission gain levels that optimally 
utilize the dynamic range of the receiver. 

8. A method as claimed in Claim 1 above, 
wherein the discontinuous signals are time slots in 
a TDM system. 

9. A method as claimed in Claim 8 above 
wherein the respective AGC levels of a plurality of 
time-discontinuous, but periodic, signals are estab- 
lished. 

10. A method as claimed in Claim 8 above 
further characterized by: maintaining the last pre- 
vious AGC level (RAM) for resuming AGControl 
when the signal is expected to resume. 

11. In a TDMA cellular-type system, a method 
as claimed in Claim 1 above wherein the signal 
strength (AGC level) of an adjacent cell (time slot) 
can be determined and evaluated to facilitate hand- 
off determinations. 

12. In a cellular-type system, a method as 
claimed in Claim 1 above wherein signal strength 
(gain determination) is reported to the transmitting 
station by the receiver to facilitate hand-off deter- 
minations. 

13. A method of handoff in a TDMA cellular- 



type transmission system characterized by: 
detecting (Fig. 4: AVG PWR) the level of a re- 
ceived and AGC'd discontinuous signal, 
comparing (Fig. 4: REF) the level of the AGC'd 

5 signal relative to the dynamic range of the receiver, 
adjusting the AGC (Fig. 3) to establish a desired 
relationship between the AGC'd signal and the dy- 
namic range limitation, and 
handing off the transmission when the AGC adjust- 

w merit crosses a certain threshold, 

14. A method as claimed in Claim 13 above, 
wherein detection is characterized by: sensing the 
power of the received and AGC'd signal (Fig. 4: 
AVG PWR). 

15 15. A method as claimed in Claim 14 above, 
wherein sensing is characterized by: digitizing 
(A/D) the signal and converting the digitized sam- 
ples to a power sample. 

16. A method of digital Automatic Gain Control 

20 (AGC) in a receiver having limited dynamic range 
characterized by: 

digitizing (A/D) a received and AGC'd signal and 
converting the digitized samples to a power sample 
to detect the level of the signal, 

25 comparing the level of the AGC'd signal relative to 
the dynamic range of the receiver, and 
adjusting (Fig. 3) the AGC to establish a desired 
relationship between the AGC'd signal and the dy- 
namic range limitation. 

30 17. A method of Automatic Gain Control (AGC) 
for discontinuous signals in a receiver having limit- 
ed dynamic range characterized by: 
digitizing (A/D) a received and AGC f d discontinu- 
ous signal and converting the digitized samples to 

35 a power sample to sense the power of and detect 
the level of the signal, 

comparing the level of the AGC'd signal relative to 
the dynamic range of the receiver; and 
coarsely-adjusting (Fig. 3) by either progressively 

40 attenuating the signal until it falls within the dy- 
namic range of the receiver or by progressively 
gain-amplifying the signal until it falls within the 
limited dynamic range of the receiver and finely- 
adjusting (Fig. 3) the AGC of the received signal 

45 until optimum use of the full (albeit limited) dy- 
namic range of the signal processing stages is 
about 6-12 dB below maximum to establish a de- 
sired relationship between the AGC'd signal and 
the dynamic range limitation. 

50 
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( START TIME SL0TJ 
1 



INITIALIZE: PUT FAGCN IDA 
SETUP DMA TO TURN ON A/Ds, TAKE 
N SAMPLES, AND STORE IN RAMs. 
INTERRUPT WHEN COMPLETE. 
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1 CALCULATE THE AGC ERROR(AGCE) j 




RAW AGC NUMBER 
(RAGCN)=FAGCN-AGCE 




RAW AGC NUMBER % 
(RAGCN)=F AGCM-AGCE-(-IOdB) 




RAW AGC NUMBER % 
(RAGCN)=FAGCN-(-48dB) 



AGCE>+9dB RAW AGC NUMBER I 
(RAGCN)=FAGCN-(10dB) \ 



I 



CALCULATE NEW 
FILTERED AGC NUMBER (FAGCN) 
USE RECURSIVE INSTANTANEOUS IMPULSE 
RESPONSE LOW PASS FILTERING. 



FIG. 3 



USE THE NEW VALUE DURING RECEPTION 
OF THIS TIME SLOT DURING THE NEXT 
FRAME, AND TO CALCULATE 
RECEIVED SIGNAL STRENGTH. 



1 



C CONTINUE (NEXT TIME SLOT) j 



